Coordination compounds
Transition metals for coordination compounds   Ex: K3[Fe(CN)6]

1. Coordination compound consists of 

a. complex ion (metal attached to ligands through dative covalent bonds, remember lewis acids/bases?)

b. counter ions

i. ions that balance the charge of the complex ion

2. When dissolved in solution, the counterions and complex ions separate, just as in any other ionic compound

a. NaCl(s) ( Na+(aq) + Cl-(aq)

b. K3[Fe(CN)6] ( 3K+(aq) + [Fe(CN)6]3-(aq)
c. [Co(NH3)5Cl]Cl2 ( [Co(NH3)5Cl]2+(aq) + 2Cl-(aq)
d. K2[CoCl4] ( 2K+(aq) + [CoCl4]2-(aq)
Notice that in example 2c, the Cl- acts as both a ligand and a counterion

3. Coordination Number

a. Number of ligands a particular metal can have. 

b. Usually 6, 4 or 2

c. Notice that in the examples in #2, each the iron ion has 6 ligands but  cobalt has only 4 ligands.  

d. The coordination number depends on the size, charge and electron configuration of the transition metal ion.

e. Coordination number tells the shape of the complex ion. Similarly to VSEPR

i. 6 = octahedral

ii. 4= tetrahedral or square planar (no way to predict reliably)
iii. 2 = linear

f. There is really no way to predict the coordination number. 

g. What is the coordination number and shape for each of the metal ions in 2?

i. All Fe have 6, octahedral

ii. cobalt which has 4 is tetrahedral
4. Ligands
a. Can be neutral or ions, but must have lone pair of electrons to donate (lewis bases)

i. Examples are: NH3, Cl-, H2O, OH-, CN-, NO2-1

b. Some ligands have more than one lone pair that they can donate.  

i. Bidentate: forms two dative bonds

ii. Polydentate: forms 3 or more dative bonds

1. Example: EDTA (forms 6 bonds).  Because it can occupy all coordination sites in a metal it is often used as a scavenger to remove heavy metals from the human body or analyze solutions for their metal ion content. 

c. More than one type of ligand can bond to a metal atom and when this happens, isomers are possible. 

i. Coordination isomers:

1. [Cr(NH3)5Br]SO4  and [Cr(NH3)5 SO4]Br  (notice that the Br and sulfate ions switch places. In the former, Br is a ligand but in the latter it’s a counterion.

ii. Linkage isomers:
1. When a ligand has more than one possible lone pair and can attach in different way.  For example: NO2, both oxygen and nitrogen have lone pairs.  A complex ion might consist of the NO2 group attached via the nitrogen lone pair or the oxygen lone pair.  These would be linkage isomers.
iii. Stereoisomers
1. Geometrical isomers

a. Two forms: cis and trans

b. See figures.
2. Optical isomers

a. If a complex ion has a non-superimposable mirror image it is an optical isomer

b. Also called enantiomers

c. Rotate plane polarized light

d. Are chiral

e. See organic notes.
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